Background: Specific antibody deficiency may predispose patients to recurrent respiratory tract infections. There is limited literature assessing specific antibody deficiency in chronic rhinosinusitis (CRS). This study evaluated the role of specific antibody deficiency in patients with CRS who have failed medical therapy.
C hronic rhinosinusitis (CRS) affects Ͼ35 million Americans, and prevalence is rising. CRS is responsible for a significant burden on the health care system. 1 Many patients fail to respond to medical therapy and require surgical treatment of this disease. CRS is classified into CRS with nasal polyps or without nasal polyps. Although the role of microorganisms in disease etiology or impact on disease severity is not clearly established, it is generally accepted that symptom exacerbations may be acutely triggered by viral, bacterial, or fungal infections. The most commonly recognized bacterial pathogens for acute sinusitis and chronic sinusitis are Streptococcus pneumoniae and other streptococcal species, Moraxella catarrhalis, Haemophilus influenzae, Staphylococcus aureus, anaerobes, and enteric Gram-negative rods. Patients with CRS refractory to medical therapy or those with recurrent sinus infections may warrant evaluation for immune deficiency. 1 Specific antibody deficiency (SAD) is characterized by an impaired response to immunization with polysaccharide antigens in the presence of normal quantitative immunoglobulin levels. Sinopulmonary bacterial infections with pathogens including S. pneumoniae, M. catarrhalis, H. influenzae, and S. aureus are the most common manifestations of this syndrome. 2 Patients with SAD are managed in a variety of ways including vaccination with conjugated vaccines when available, prophylactic antibiotics, and occasionally with i.v. immunoglobulin (IVIg). The prevalence of SAD in the general population is not known. SAD is recognized in 5-20% of children Ͼ2 years old who suffer from recurrent or severe infections. [3] [4] [5] One study determined the prevalence of SAD among adults with recurrent communityacquired pneumonia to be ϳ8%. 6 Prior studies have revealed dysfunction of T-cell subsets or common variable immunodeficiency as risk factors for CRS, 7 and a recent retrospective study suggests a high prevalence of humoral immune dysfunction in patients with difficultto-treat CRS. 8 The aim of this study was to characterize the presence of SAD among patients with CRS that have failed medical therapy and required sinus surgery.
METHODS

Patients
A retrospective chart review was performed after receiving approval from the Institutional Review Board of Northwestern University Feinberg School of Medicine. We identified adult patients who had failed medical therapy and underwent functional endoscopic surgery for the treatment of CRS by the Department of Otolaryngology, Northwestern University Feinberg School of Medicine, Chicago, between the years 2002 and 2010. All subjects met the criteria for CRS as defined by nationally recognized consensus statements. 9,10 All subjects had rhinosinusitis symptoms for Ն12 weeks and had failed medical therapy, including at least 3 consecutive weeks of a broadspectrum antibiotic and oral and/or intranasal corticosteroids. The presence of rhinosinusitis or bilateral nasal polyps was confirmed by office endoscopy and sinus CT scans. Patients were included in this study if they had had serum antipneumococcal antibody titers and quantitative immunoglobulin G (IgG; reference range, 750-1700 mg/ dL) and IgA (reference range, 70-400 mg/dL) measured for immune evaluation of severe disease or recurrent infections. The decision to check these laboratory markers was made by the managing allergists on an individual patient basis. Exclusion criteria for this study included common variable immunodeficiency and/or known history of primary immunodeficiency, HIV, cystic fibrosis, or malignancy. All subjects had skin testing to pollens, dust mites, pets, molds, and 
Evaluation of SAD
Serum antibody titers to 14 common pneumocccal bacterial serotypes (1, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 12F, 14, 18C, 19F, and 23F) were measured for each subject (Specialty Laboratories, Inc., Valencia, CA). A protective antibody titer for a serotype was defined as Ն1.3 g/ mL. 11 Normal antibody levels were defined as protective titers against at least seven serotypes as suggested by an expert panel. 12 Patients with normal preimmunization antibody levels are categorized as "normal baseline." Patients with low preimmunization antibody levels (less than seven protective titers) were categorized as "low baseline," immunized with Pneumovax (23-valent unconjugated pneumococcal polysaccharide vaccine; Merck, Whitehouse Station, NJ) and titers were rechecked 6 weeks later. An adequate response to vaccine was defined as an increase in postimmunization antipneumococcal antibody titers to Ն1.3 g/mL for at least 7 of 14 serotypes; 11,12 these patients were categorized as "responders." Those patients who had fewer than seven protective postimmunization titers were categorized as "nonresponders" or patients with SAD.
Statistical Analysis
Patients were categorized into three groups based on antipneumococcal antibody titers as defined previously: (1) patients with seven or more protective preimmunization antibody titers ("normal baseline");
(2) patients with less than seven protective preimmunization antibody titers who responded adequately to vaccine ("responders"); and (3) SAD patients who did not respond adequately to vaccine ("nonresponders"). These three categories of patients were compared with respect to the variables of age, sex, atopy, asthma, and nasal polyp-osis; total serum IgG; and total serum IgA. One-way analysis of variance and post hoc Tukey analysis tests were used to compare means of continuous variables and analogous chi-square tests were used to compare percentages for categorical variables. Within each group, the mean number of protective antibodies prevaccination was compared with the mean number of protective antibodies postvaccination via paired t-test. A value of p Ͻ 0.05 was considered statistically significant.
RESULTS
A total of 129 patients met inclusion criteria. Of these, 36 patients (28%) had normal baseline antipneumococcal antibody levels; 93 (72%) had low preimmunization antibody levels as previously defined. Of those with low baseline antibody levels, 69 patients underwent Pneumovax administration and had antipneumococcal antibody titers rechecked after 6 weeks. From this group, 54 (78%) had adequate response to the vaccine ("responders") and 15 (22%) of these patients had inadequate response to vaccination ("nonresponders"; Fig. 1 ).
Statistical analysis of the comparison of patient characteristics among patients in the normal baseline, responder, and nonresponder groups is shown in Table 1 . There was a tendency toward higher female prevalence and diagnosis of asthma in the group with normal baseline values compared with the low baseline groups; this was not statistically significant. No correlation with atopy or nasal polyposis was identified.
Although serum IgG levels did not differ significantly among the three groups, the level of serum IgA was significantly lower in nonresponders versus patients with normal baseline (mean and SD, 138 Ϯ 67.3 versus 330 Ϯ 356; p ϭ 0.048; Fig. 2 ). The nonresponder group had a significantly lower mean number of protective baseline Table 1 Comparisons of clinical characteristics among the three patient groups studied: Normal preimmunization antipneumococcal antibody titers ("normal baseline"); those with low preimmunization antipneumococcal antibody titers and adequate response to vaccine ("responders"); and those with low baseline antipneumococcal antibody titers and inadequate response to vaccine ("nonresponders") antibody titers against pneumococcal serotypes when compared with responders (1.41 versus 2.72; p Ͻ 0.005), and had a smaller increase in the mean number of protective titers postimmunization when compared with responders (2.82 versus 7.28; p Ͻ 0.0001; Fig. 3 ). Evaluation of the nonresponders as a group revealed that none of these patients had protective antibody concentrations against more than three serotypes at baseline. One of these patients has benign lymphadenopathy, one patient has allergic bronchopulmonary aspergillosis and Samter's triad, one patient was receiving antibiotic prophylaxis for recurrent infection due to SAD, and only one patient required IVIg replacement for management of disease. Recurrent pneumonia was not identified as a comorbidity for any of the subjects.
DISCUSSION
Patients with CRS may have a high frequency of comorbid SAD, which may be an unrecognized contributor to the prevalence and severity of illness and failure of medical treatment for this disease. However, the diagnosis of SAD can be challenging. The range of normal baseline antibody levels against S. pneumoniae serotypes in healthy adults has been documented, [13] [14] [15] but what constitutes a protective level of antibody against each serotype and whether that protective titer is different for each serotype remains controversial. 16 Additionally, there is no universal definition of adequate response to pneumococcal vaccination for diagnosis of SAD despite meta-analysis and specificity studies. 17, 18 Previous studies have described the range of postvaccination antibody levels in healthy individuals, revealing achievement of normal antibody titers (defined by antibody titer of Ͼ1.0 g/mL or twofold increase in titer) against most serotypes in adults, 19, 20 as well as a normal response (defined by serotype-specific antibody levels using alternate multiplexed bead assay) in Ͼ90% of normal patients. 14 Although some experts recommend requiring a fourfold increase in individual antibody levels over preimmunization titers, this loses validity with preimmunization titer levels in the low-normal range. 21 Consensus of the American Academy of Allergy, Asthma, and Immunology and American College of Allergy, Asthma, and Immunology as outlined in the practice parameters 12 defines an adequate response as antibody concentration of Ն1.3 g/mL or a fourfold increase over baseline in ϳ50-70% of pneumococcal serotypes that are evaluated. For the purposes of this study, a conservative cutoff of Ն1.3 g/mL of antibody concentration against each serotype tested and a requirement of protective titers against only 50% of the serotypes to rule out SAD was chosen to minimize misdiagnosis of SAD.
The patient population examined in this study represents a highly selected subgroup of CRS patients who require surgical intervention for their CRS and whose clinical characteristics prompted evaluation for immunodeficiency by their physician and, therefore, may not represent the CRS population in general. However, within this selected population there were only 28% of patients with normal preimmunization antipneumococcal titers, suggesting that there was already evidence for impaired responsiveness to streptococci or that their exposure history was not normal. Of those patients with low baseline titers, there was only a 78% response rate to polysaccharide vaccination, which, despite a conservative cutoff value, is much lower than expected based on the available population pre-and postvaccination data. 13, 14, 19, 20 From the group of 129 patients, 15 (11.6%) have been diagnosed with SAD by the strict criteria we have used, a prevalence that is higher than that previously reported in adults with recurrent pneumonia. 6 Although the prevalence of SAD is lower in our study patients than in those reported by Alqudah et al., 8 41% of those previously described subjects who did not respond to pneumococcal vaccination also suffered from recurrent pneumonia; in contrast, chart review did not reveal a history of life-threatening pneumococcal infection or invasive pneumonia in any of our patients. It should be noted that the patients diagnosed with SAD, despite their severe sinus disease, were rarely treated with IVIg. Although the purpose of this study was not to evaluate the therapeutic effect of the pneumococcal polysaccharide vaccine in this subgroup, this is an intended area of future study.
The role of the epithelial barrier and interaction between the innate and adaptive immune systems in the pathogenesis of CRS are areas of active research. Recently, we published studies suggesting impairment in innate immunity in patients with CRS. 22 The patients with low baseline titers but adequate response to vaccine (responders) may have normal adaptive or systemic immune function but impaired local innate responsiveness. Because we excluded patients with preexisting primary immunodeficiency, we expect the range of measured quantitative serum immunoglobulins to be within normal values. However, we were able to detect subtle but statistically significant immunologic differences among the groups. Although the clinical significance of lower serum IgA levels in the nonresponder patients when compared with the other groups is unclear, the presence of lower serum IgA levels and lower number of protective baseline antipneumococcal titers in vaccine nonresponders may indicate failure of both the innate and the adaptive immune systems to provide an adequate mucosal immunity in these patients. These results suggest that further studies on the relevance of SAD to the pathogenesis, diagnosis, and treatment of severe CRS are likely to be highly worthwhile. Although the outcome of sinus surgery in medically refractory CRS patients with immune dysfunction or autoimmunity has been shown to be similar to that of control CRS patients in a case-control study, 23 it is not known whether low baseline antipneumococcal antibody titers or SAD contribute to the severity of disease or need for surgery. Potential weaknesses of this study include the limitations inherent in retrospective chart review and the selection bias of a tertiary care referral center patient population. However, this is the largest study of its kind to specifically examine SAD in medically refractory CRS without confounding factors of other recurrent infections. The prevalence of SAD may correlate with disease severity and should be evaluated in CRS patients with medically refractory disease. 
